Using the DIANA data on the charge-exchange reaction K + n → pK 0 on a bound neutron, in which the s-channel formation of the pentaquark baryon Θ + (1538) has been observed, we analyze the dependence of the background-subtracted Θ + → pK 0 signal on the K 0 emission angle in the pK 0 rest frame. In order to describe the observed cos Θ cms K distribution, invoking the interference between the nonresonant s-wave and the Θ + -mediated higher-wave contributions to the amplitude of the charge-exchange reaction is required at a 2.8σ level. The spin-parity assignment of 1/2 − for the Θ + baryon is ruled out at a statistical level of 2.9 standard deviations. A physically-meaningful selection in cos Θ cms K based on the observed angular dependence of the Θ + → pK 0 signal allows to boost the statistical significance of the signal up to 7.1 standard deviations. This is far in excess of previously reported signals and renders the Θ + existence more credible. PACS number(s): 13.75. Jz, 25.80.Nv 
The exotic baryons with minimum quark configuration of (4q)q have been theoretically discussed ever since the emergence of the quark model [1, 2] . For such objects formed of light quarks, the lowest SU(3) representation was identified as the anti-decuplet that involves a single state with positive strangeness -the isosinglet baryon Θ + (uudds).
This pentaquark baryon can be uniquely identified by the KN decays (K + n and K 0 p) that are forbidden for the three-quark baryons. Since the "fall-apart" mechanism is not suppressed by any obvious selection rules, the decay width of the Θ + baryon was phenomenologically assumed to be rather big (Γ ∼ 100 MeV). The first rigorous predictions for the anti-decuplet of light pentaquark baryons were formulated in the landmark analysis [3] based on the chiral quark-soliton model. According to these theoretical predictions, the anti-decuplet baryons have spin-parity of 1/2 + , and the mass of the isosinglet Θ + baryon should be close to 1530 MeV. The predicted decay width of the Θ + proved to be far below the earlier phenomenological estimates: Γ < 15 MeV. Subsequently, some theorists using different assumptions came to a conclusion that the Θ + decay width should be well below this upper limit -on the order of 1 MeV or even less [4, 5, 6] .
Narrow peaks near 1540 MeV in the effective-mass spectra of the systems nK + and pK 0 were initially observed in the reaction γn → nK + K − on the 12 C nucleus in the LEPS experiment [7] , and in the charge-exchange reaction K + n → pK 0 on the Xe nucleus in the DIANA experiment [8] . Subsequently, both experiments confirmed their initial observations [9, 10, 11, 12] . Using the dynamics of s-channel formation of the Θ + in the charge-exchange reaction K + n → pK 0 , DIANA was able to directly probe the Θ + decay width: Γ = 0.34 ± 0.10 MeV assuming J = 1/2. Other searches for the Θ + baryon in different reactions and experimental conditions yielded both positive and negative results, see the review papers [13, 14, 15] . [17] . A narrow statistically-significant peak near 1540 MeV, tentatively interpreted as the Θ + signal, has been observed in the K 0 S missing-mass spectrum. This observation does not contradict the null result earlier reported by CLAS for the same data sample [18] .
In this paper, we continue the investigation of Θ + formation in the charge-exchange reaction K + n → pK 0 on a bound neutron using the data of the DIANA experiment. In particular, we probe the angular distribution of decay products in the Θ + rest frame.
Entries 2655 Integral 2654 is shown in Fig. 1(b) . These are seen to reject the rescattered events rather than the unrescattered ones. The simulation procedure has been described in [12] . [12] . It is further emphasized by the selections p T < 300 MeV and p L > 0 aimed at rejecting the rescattered events. That the anomaly in | cos Θ cms K | occurs in the mass region of the observed Θ + peak [12] suggests that it is rooted in an "anomalous" angular distribution of Θ + decays that may show a quadratic term in cos Θ cms K . Therefore, it is interesting to compare the cos Θ cms K distribution for the mass region of the peak with that for the sideband areas of m(pK 0 ). Except for the scatter plots discussed in the last paragraph, the selection 445 < p beam < 535 MeV is implicitly assumed throughout. hand panels. For the sideband areas, the simulated distribution (dots) is normalized to the observed one by the number of events. Then, the same scaling factor is applied to the simulated cos Θ cms K distribution for the peak area. (As a result, there the simulated cos Θ cms K spectrum runs lower than the observed one.) The simulation that assumes a pure s-wave for the nonresonant reaction K + n → pK 0 [19] agrees with the data for the sideband areas, but not for the peak area.
In order to obtain the "pure" cos Θ 
where n i and ν i are the bin contents of the experimental and simulated cos Θ distribution requires a theoretical analysis of interference effects in terms of helicity amplitudes, and therefore is beyond the scope of this paper (apart from excluding the Θ + spin-parity assignment of 1/2 − ). Instead, our major objective is to formulate a physically-reasonable data-driven selection that may render the Θ + signal more significant. This is an important task since the signals reported thus far [9, 12, 17] are but slightly in excess of 5σ, whereas the "credibility threshold" for proving the Θ + existence has been estimated as 7σ [21] given the controversial experimental situation. 
If formation of the Θ

Rejected cos Θ cms
(signal fit) (null fit) The results of the fits of the pK 0 mass spectra under the selections p T < 300 MeV and p L > 0, in which the Gaussian width of the signal has been constrained to the simulated resolution of σ m = 3.5 MeV. The statistical significance of the signal, estimated using the method of maximum likelihood, is shown in the rightmost column. Also shown is the "naive" estimate of the statistical significance S/ √ B, where the signal S and the background B are derived from the signal hypothesis alone over the 90% area of the Gaussian.
is seen to result in a dramatic increase of the signal-to-background ratio as compared to the pK 0 mass spectra of Fig. 3 .
In order to reduce the number of free parameters, the width of the peak is constrained to the simulated value of σ m = 3.5 MeV when estimating the statistical significance of the signal. The results of the constrained fits of the pK 0 mass spectra under the selections p T < 300 MeV and p L > 0 are shown in Table 1 . Also shown for each fit is the difference between the log-likelihood values for the signal and null hypotheses, −2∆ ln L. For the constrained fits, the numbers of degrees of freedom for the signal and null hypotheses differ by ∆ndf = 2. The statistical significance of the signal is estimated using the value of χ 2 for one degree of freedom which corresponds to the same p-value and 61.9 for ∆ndf = 4. The statistical significance of the signal is again estimated using the value of χ 2 for one degree of freedom which corresponds to the same p-value as χ 2 = −2∆ ln L for four degrees of freedom. Thereby, we obtain that cutting away the cos Θ cms K region of −0.75 < cos Θ cms K < +0.35 allows to increase the statistical significance of the Θ + → pK 0 signal from 6.2σ up to 7.1σ.
In summary, using the data on the charge-exchange reaction K + n → pK 0 on a bound neutron, we have analyzed the dependence of the background-subtracted Θ + → pK 0 signal on the K 0 emission angle in the pK 0 rest frame, Θ pK 0 signal allows to boost the statistical significance of the signal up to 6.8σ for the onedimensional pK 0 mass spectrum, and 7.1σ for the scatter plot in m(pK 0 ) and p(K + ). This is far in excess of previously reported signals [9, 12, 17] and renders the Θ + existence more credible [21] . A high-statistics investigation of the charge-exchange reaction K + n → pK 0 is needed for finally proving the Θ + existence and fixing its quantum numbers.
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